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Summary In a population-based study serum sialic acid level was examined in relation to subsequent development of central nervous system (CNS) tumours (229 cases). Significantly increased sialic acid concentration was found in men with a malignant CNS tumour diagnosed within 8 years of analysis, compared with corresponding matched controls. These findings suggest that the tumour existed at the time of examination which is supported by a negative linear association between sialic acid level and the time from screening to tumour diagnosis.
According to several studies, neoplastic transformation leads to elevated serum sialic acid concentration, which has been explained by increased release in the circulation of sialic acid-rich cell surface glycoproteins and glycolipids (Henn & Gressner, 1987; Marth et al., 1988) , or by increased output of acute phase proteins as a result of unspecified secondary inflammatory reaction (Weiss et al., 1979; Turner et al., 1985) .
Only a few studies aiming at investigating the sialic acid concentration as a brain tumour marker have been undertaken (Weiss et al., 1979; Kakari et al., 1984; Marth et al., 1988; Flaschka et al., 1990) . All used a case-control design with sialic acid determination after the diagnosis. Two of them identified a difference in mean serum sialic acid concentration between patients with benign and malignant brain neoplasms (Marth et al., 1988; Flaschka et al., 1990 (Hess et al., 1957 ) and Svennerholm's method in 1964-65 (Svennerholm, 1957) .
In Sweden all identified tumours of the nervous system (benign as well as malignant) are mandatorily reported to the National Cancer Registry. It is estimated that 96% of all diagnosed cancers are reported and this proportion is higher (98%) for the cases with histologically confirmed diagnosis (Mattson & Wallgren, 1984 (Table I) . With a nested case-control design, five controls for each case were randomly selected from the whole study population after stratification for sex, age at screening (5-year groups) and time (year and month) of sialic acid determination, the latter to neutralise the possible impact of differing laboratory methods as well as laboratory drift.
The 24 years' follow up period was divided into three equal intervals (<8, 8-15 (Kernohan et al., 1949) . matched controls. As seen, among men the total serum sialic acid level was significantly higher for cases with a malignant tumour diagnosed during the first lag period (P<0.01). In both genders the results for malignant tumours were not altered after repeating the tests including only cases with astrocytoma. Among men with diagnosed malignant CNS tumour, 58 (88%) died from this neoplasm during the followup period and thxe proportion was almost equal in women -34 (87%). The mean survival (+ s.d.) after tumour diagnosis was 0.5 ± 0.7 years for men and 0.7 ± 1.4 years for women. Figure 1 shows (Waters et al., 1992) . The increased serum sialic acid level in tumour patients has been explained by a spontaneous release ('shedding') of aberrant sialic acid-containing cell surface glycoconjugates. Because of their probable importance for the main qualities of transformed cells (disturbed cell-cell recognition and cell adhesion, invasiveness and metastatic potential), it has been suggested that these cell surface changes may be triggered by specific oncogene activation (Singhal & Hakamori, 1990) . In that case it would be reasonable to conclude that this process starts at a relative early stage of tumorigenesis and has a continuous character, i.e. increases steadily with tumour growth, which may explain the difference between benign and malignant neoplasms.
The unspecified secondary reaction leading to increased output of acute phase proteins may also be of some significance for the sialic acid elevation in tumour patients. Thus, the mean levels of the major sialic acid-rich acute phase proteins (al-acid glycoprotein, a,-antitrypsin and haptoglobin) are significantly increased in patients with gliomas compared to healthy individuals (Weiss et al., 1979) .
No study has so far presented data on sialic acid concentration measured before tumour diagnosis. The present investigation shows significantly increased serum sialic acid level in a group of men among whom a malignant CNS tumour was diagnosed during a period of 8 years after health examination with sialic acid measurement. The data suggest that the tumour already existed at the time of screening, without clinical manifestations. This presumption is supported by the negative linear association between serum sialic acid concentration at screening and lag period.
The observed gender dissimilarities could be related to differences in the level of sex steroids in men and women. There are data on the presence of specific steroid hormone receptors in CNS tumours and on possible tumour growth stimulation effect of progesterone, by still unknown mechanisms (Roelvink et al., 1987; von Schoultz et al., 1990) . The role of estrogens, however, is more uncertain and may differ from that of progesterone.
The tumour cases occurring during the first lag period (0-8 years), were diagnosed before the CT era, which gives place for possible misclassification of the astrocytomas, concerning both the benign and malignant forms, due to histological sampling error. Such misclassification is a source of error which would weaken the significance of the difference mentioned above, as would also errors connected with the reliability of single serum sialic acid measurement and used methods of analysis. Thus it is reasonable to assume that the received results exist despite possible errors of classification and measurement and not because of them.
